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1. Cuna

MexaHn4yecKkoe B3auMOIEMCTBHUE TEJl - TAKOE B3aUMOIEMCTBUE MAaTEPUAIbHBIX
T€J, B pPE3y/IbTaTe KOTOPOTO OHU U3MEHSIOT ABUAKEHUE UK Je(DOPMUPYIOTCS.

AGcomoTHO TBEPIOE TENIO — TENO0, HE NedopMupyromeecs npu JOO0bIX BO3-
NehcTBUSIX. B TeopeTndyeckoil MeXaHUKE paccMaTPUBAIOTCA TOJIBKO aOCOIIOTHO
TBEpAbIE Tena. Takas maeanu3anus MAaTEPUAIBHBIX TEJl BIIOJHE MPUTOJHA ISl pe-
LICHHUS 33/1a4 TEOPETUYECKOU MEXaHUKH.

Cuwia — Mepa MEXaHMYECKOro B3aMMOJICUCTBUSI MaTepualibHbIX Tenl. Cuna
€CTb BEKTOP.

['eomeTpuuecku cuia sBJISIETCS HAIIpaBJIEHHBIM oTpe3koM (puc. 1). Ilpu stom
OHa XapaKTEepU3yeTCsl HAIlPpaBJIECHUEM, MOAYJIEM M TOYKOM npuinoxeHus. Hampasie-
HUE CUJIbI OOBIYHO 3a7aETcs €€ yriiaMu @1, Oz, (3 C OCSIMU HEKOTOPOM MPSIMOYTOJIb-
HOW JeKapToBOW cucTeMbl koopamHat OXyz , mnb0 KOCHHyCaMHu dTUX YIiIoB (Ha-
MPABJISIFOIINE KOCUHYCHI).

Az
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Puc. 1

AHaAIUTUYECKU CHWJIa TIPEACTABIIACTCS 4yepe3 €€ MPOEKIIMU Ha OCH MPSMO-
YTONBHOU JEKapTOBOM cucTeMbl kKoopauHat OXyz (puc. 1)

F = (F.F,,F,), (1)

IIPU 3TOM YKa3bIBAIOTCS KOOPJAUHATHI TOUKU MPUI0KEHUS CUTIBI.
B kypce MareMaTuku paccMaTpUBAIMCh CBOOOJHBIE BEKTOPHI, TOUKA MPUIIO-
YKEHHUSI KOTOPBIX HE cyllecTBeHHa. OnpenesieHO OTHOIIEHUE PaBEHCTBA CBOOOIHBIX

BEKTOPOB: IBA BEKTOpa @ = (@, Ay, A7), C = (Cy, Cy, C, ) Ha3bIBAIOTCS paB-



HBIMA (@ = C), €Cli OHU OJMHAKOBO HAIpPABJICHbI W PaBHBI MO MOJIYJIO, T.C.
A, = Cy, ay = Cy, @, = C5. JInsg BeKTOpOB OBLINM OMpPEIEICHBI OIEpaIii BEK-

TOPHOT'O CJIOKEHUSI M YMHOXKEHHUS Ha 4ynuciio. Bcé 3TO B M3BECTHOM CMBICTIE UCTION b-
3yeTcs U MPU PaCCMOTPEHUU CHIL.

2. DKBHBAJIEHTHBIE CHCTEMBI CHJI

CBoOosiHOE TeNo — Teno, ABMKEHUE KOTOPOro He orpannyeHo. Eciau Ha nBu-
’KEHHE TeJla HAJ0XKEHbI OTPAHUYEHHUSI, TO OHO Ha3bIBAETCS HECBOOOIHBIM.

JIBe cucTtembl CuI {Ijl, ey ISK}, {@1, s @N} HA3bIBAIOTCS] SKBUBAJICHTHBI-

MU, €CJTM 3aMEHa OJIHOM M3 HUX Ha JPYTyI0 HE U3MEHSET IBIKEHUE CBOOOIHOTO Te-
Ja, K KOTOpOMY OHU IpUKIIaibiBatoTcs. [Ipu aTom ucnons3yercs 0003HaUYCHUE

{Py, ..., Px} ~{Qy, .., Qn}.

Cucrema cun {7y, ..., Ty} HasbIBaeTcst SKBHBAICHTHOH HYIIO (ypaBHOBE-

IIEHHOM), ecnu e€ no0aBaeHne (OTHATHE) K JEUCTBYIOIIMM Ha CBOOOHOE TEJIO CHU-
JaM HE U3MEHSET JABWKEHHE Toro Tena. [Ipu aTom ncmonb3yeTcs crneayromiee 000-
3HAYECHUE

(T, .. Ty} ~0.

Eciu cucrema cun {F;, ..., Fy} oxBuBanenrtna ognoii cune F, T.e.

{Fy,..,Fy}~F,

To cwia [ HaspIBaercs paBHOHGﬁCTBYIOmefI ,ZIEIHHOI\/JI CHUCTCMBI CHJI.

3. OcHOBHBIE 3aJa4Yi CTATHKH

B cratuke paccMatpuBaroTcs 3aa4M O PaBHOBECUHU TBEPJBIX TEJl, UMEIOLIUE
00JIBIIOE TPAKTUYECKOE 3HAYEHUE.

[Tomarast Tena TBEPABIMU, TEM CaMbIM a0CTPAarupyroTCs (OTBIEKAIOTCS) OT
CBOMCTBA MAaTEpPUAJIbHOIO TEJla PearupoBaTh Ha CUIIOBOE BO3JAECUCTBUE U3MEHECHUEM
¢dopmsl. [ToaTomMy 3a1aun 0 paBHOBECUH TBEPIBIX TeN (OPMYITUPYIOTCS U PEIAIOTCS
B TEPMUHAX CWUJI, IEUCTBYIOIIMX HA 3TH Tea.

OCHOBY CTaTUKH COCTAaBJISIET MaTeMaTH4eCKasi TEOpHsl, B KOTOPOl 00BEKTOM

M3y4YEHUS SBISIETCA CUCTEMA JAEHUCTBYIOIIMX HA TEIO CHI {Fl, o, F N}- [Ipenna3na-

YEeHHUE PTOU TCOPHH 3aKIIIOYACTCA B PCIHICHUHN CICAYIOIINUX 3aaa4.



TlepBast OCHOBHAS 3a7aya CTATHKH: MPUBEICHHE cucTeMbl cun {Fy, ..., Fy}
K HauboJiee MpOCTON SKBUBAJICHTHON CUCTEME CHII.
Bropas ocHOBHas 3ajaya CTaTHKU: BBIBOJ YCJIOBUM paBHOBECHs (IKBHBA-

JIEHTHOCTH HYJIIO) CHCTeMbI ¢l {Fy, ..., Fy}.

4, I/ICXOI{HLIe MOJIOZKCHUSA CTATHUKHU

PaBHOBeCHE Tena ecTh YAaCTHBIM Ciiydail ABM>KeHUs Tena. [lostoMy Bes uc-
XOJIHasi MH(pOpMaIUs, HeOOXoaumMasl JIJis MOCTPOSHUS TEOPHHM PEIICHUS JIBYX OC-
HOBHBIX 3a7la4 CTaTHKHU, COJACP)KUTCS B aKCHMOMax JWMHAMUKHU (3akoHax HproToHA).
Boeimenss Ty BCXoaHy HH(POpMAIUMI0O W3 aKCHOM JUHAMHKHA W HX JIOTHYSCKHX
CJIEZICTBUH, MIPEJICTABUM €€ B BUJIC JIBYX CICIYIOIINX YTBEPKICHUM.

Vreepxkaenne 1. Cunel Fy, F, oxsusanentnnr (F; ~ F,) Torna u Tonbko

Torna, koraa ouu pasuel  (F; = F,) u jexar Ha oHOM npsiMoit (puc. 2).

CrienoBaTenbHO, CHITYy MOXKHO NIEPEHOCUTD BIOJIb JINHUU JEHCTBUS, T.€. CHJIa
€CTh CKOJIB3SIIUAN BEKTOP.

Puc. 2 Puc. 3

VrBepkaenue 2. I[IpunokeHHble B OJHOW Touke cuibl Fy 4, Foq WMEIOT

paBHOIEHCTBYIOIYI0O F4, KOTOpas COBIAMAcT ¢ AMaroHaJbi0 IapaiesorpaMma,

MOCTPOCHHOI0 Ha 3TUX cwiax (puc. 3), T.e.
{Fia,Fa4} ~F4, toe F4=Fi4 + F4.

W3 naHHBIX yTBEP)KIEHUHN CIIEYET, YTO CUCTEMA M3 JABYX CHII, JISKAIUX HA
OJTHOM TPSIMOM, MTPOTHUBOIIOJIOKHO HAMPABICHHBIX U PaBHBIX MO MOJYJIO IKBHBA-
JIEHTHA HYJIO (YpaBHOBEIICHA).

CornacHo ompenereHUI0 YPaBHOBEIIEHHOW CUCTEMBI CWJI, TIPU JT0OABICHUH
(oTOpackiBaHMN) K MPOU3BOJIBHONW CHCTEME CHJI JIFOOOH YpaBHOBEIICHHOW CHCTEMBI
CHJT TIOJTYYUM CUCTEMY CHJI SKBUBAJICHTHYIO UCXOHOM, T.€.

{Py,....,Pxk}~0 = [{F,..,Fy}~ {F, .., Fy,Pi, .., Px}.



IIpu pemenun 3azay Ha PaBHOBECUE CUCTEMBI B3aWMOJCHCTBYIOLIUX TEIl
JIOTIOJIHUTEIIBHO HCIONB3YIOT TPETUM 3aKOH HbIOTOHA: CHIIBI B3aUMOACUCTBUSA
JIBYX T€JI PaBHBI IO MOAYJIIO, JIEXKAT HA OJHOW MPSIMOM U IPOTHUBOIOJIOKHO Ha-
npasiieHsl (puc.4).

Puc. 4

Copepkanuecs: B yTBepxkAeHUsIX 1, 2 3HaHUS, 1O CyTH, ObUIM U3BECTHBI 3a-
noinro no snoxu Herorona. Hanmpumep, 3agauv Ha paBHOBECHE Tenna perian emé
npeBHerpeduecknii yu€nelii Apxumen. Crnenyss UCTOPUYECKOMY IYTH Pa3BUTHS Me-
XaHUKH, CTaTUKY 4aCTO NPENOAAIOT 10 AWHAMMKH. [Ipu 3TOM M3II0KEHHBIE B JaH-
HOM naparpade HCXOIHbIE MOJOKEHUS CTATUKHU IMOCTYJIMPYIOT B TOH WM HHOMN
dopme.

5. BeKTOpHBI MOMEHT CHJIbI OTHOCHTEJIbHO TOYKH

CHauana npuMeM BO BHUMaHHUE MPOCTYI0 (PU3NUYECKYIO MOJIENb, JIETKO pea-
JIM3YEMYI0 aBTOPYYKOM M TpeMs nanbuamu pyku. ITycts crepkens OA  coenunén

C HEMOJIBWXKHBEIM TEJIOM MOCPEACTBOM NpocTpancTBenHoro mapuupa O (puc. 5),
YTO TMO3BOJISICT CTEP)KHIO TIEPEMEIIAThCS B MMPOCTPAHCTBE, COXPaHsS HEIOIBMKHOM

touky O. Ecii K MOKOSIIEMYCsI CTEPIKHIO IPUIIOKHUTH CHIY F, TO CTep)KEeHb NPUAET

B JIBUKEHHE, KOTOPOE MTHOBEHHO SIBJISIETCS BPALICHUEM OTHOCHUTEIIBHO OCH, ITPOXO-
nseit yepes Touky O U nepreHIuKyIsSpHOM IIIOCKOCTH CTEPHKHSA U CHIIBL.

Ta JacTh NEWCTBUSA CHJIBI HA MATEPUAIBHOE TENO, KOTOPAS MPOSBISIETCSA B
NPHUIaHUK TEITy BPAIlCHUS, Ha3bIBACTCS BpamareabHbIM dddexTom cuiibl. MHOTO-
BEKOBasl IMPAKTHUKAa U MHOTOYMCIICHHBIE OIBITHI MOKAa3aJiM, YTO BEJIMYMHA Bpalla-
TenbHOro 3¢ deKTa CHiIbl IpAMO MmponopiuoHansHa F — senumunne cunsl u h — pac-
CTOSIHUIO OT LIEHTPA BPAILECHUS A0 JUHUU IEUCTBUS CHUIIBI.

F \ E

Puc. 5 Puc. 6



Tenepb odhopmMuM MaTeMaTUUYECKH yKa3aHHbIC (PU3MUYECKUE MPEICTABICHHUS.
AOcTparupyemcsi OT MaTepUaIbHOIO Tejla, Ha KOTOpOe JEUCTBYET CUila, UMes B BU-

ny Tonbko cuny F u touxy O (puc. 6). Bexrop, ucxoxsmuii u3 Touku O u npuxo-
AU B TOUKY NPUIOKeHUs cuibl F, 0603HauuM depe3 7. Yron Mexiy BeKTopa-

Ma T u F 0603HauMM yepes O

OCHOBBIBasICh Ha BBIMICU3JI0KEHHOM, 3aKIJIF0YaeM, YTO BpaIllaTeiIbHBIA (-
(KT CHITBI F ornocurensho toukn O XapaKTEePU3yeTCs

a) OChbIO BpamareabHo 3P dekra, KoTopas npoxoaur yepe3 Touky O mep-
TIEHIUKYJISPHO TIOCKOCTH BEKTOPOB T, F,

b) HampaBiieHueM BpamarenbHOro 3pdekTa OTHOCUTEIHHO €ro ocH (3TO Ha-
NpaBJICHUE TPUHATO CPAaBHUBATH C HAIIPABJICHUEM X0J1a YaCOBOW CTPEIIKH),

C) BenuMuMHOH BpamarenbHoro »¢ddekra, pasuoit F-h, rme F — momyms

cunsl F, h — mneuo cunet F otHocutensHo Toukn O |, T.e. 1inHA nepreHanKy-
nspa, onymennoro u3 toukn O Ha munuro aevicrus cuisl F o (h = r-sin ).

JlanHass uHpopmMaiusi o BpamiateabHoM 3ddexre cuiabl F OTHOCHUTEIHHO
toukn O Maremarnuecku Boipaxkaercs BeKropoMm My (F) — BEKTOPHBIM MOMEHTOM

cunsl F' ornocurensro Toukn O (puc. 6), KOTOpBIN
1) nepneHgMKYISpEeH IUIOCKOCTU BEKTOPOB T, F (TeM caMbIM BEKTOp

M, (F) moka3biBaeT MOJIOKEHHE B MPOCTPAHCTBE OCH BpalnaTelbHOro 3¢ ¢exra,

npoxosineii yepes Touky O ),

2) HampaBJIEH TaK, 9TO C €ro KOHIa BpalmaTelbHbii YQ(QeKT BUAEH IPOTHB
X0J1a YaCOBOM CTPEIKH,

3) IO MOIYJIO PaBeH MPOU3BENEHHIO MOIYJIS CHIIbI U IIJI€Ya STOM CHUIIBI OT-

nocurensro toukn O , T.e. |My(F)|=F-h=|F||7]-sina

[TynkTel 1) — 3) ompeaenstor oToOpaXkeHue
T ¥ F_ — P'_d 0 (F ) r

Ha3bIBACMOC BCKTOPHBLIM IIPOU3BCACHNCM BCKTOPOB ™TulF y IPUYICM HUCIIOJIb3YCTCA

CJICayrouiee 0603HanHI/IC . _ _
My(F)=7xF. (2)

Ecmu BCKTOpHI T, F 3aJaHbl aHAJIUTHYCCKHU, T.C



F=rni+nj+1rk F=Fi+F,j+Fk,
riae i, }, k — HampaBIsIOIIME OPTHI OCEil MPaBOH MPSMOYTOIBHOM JIeKapTOBOH CHC-

TCMBI KOOPpAWHAT, TO aHAJIUTHYCCKOC IPCACTABICHHUC BCKTOpA Mﬂ (F) HaxXxoOauTCs

O CJICIYIOIIEMY U3BECTHOMY M3 MaTeMaTUKU MPABUITY

i j k
My(F)=7TxF=|1T. 1, 1 |=
F, F, F,

= (T},Fz — TZF},)E + (r,Fy — 1F)j + (e Fy — 1, F)k. (3)

Jlannast opmyia (3) HCIIONB3yeTCs TS BRIYUCICHNS BekTopHOro Momenta My (F)

B KOMITBIOTEPHBIX NPOrpaMmMax.

6. Aﬂreﬁpanqecmm MOMCEHT CHJIBI OTHOCHUTECJIBHO TOYKH

Brinenum yacTHbBIN Cilydai, KOrja BCE pacCMaTpUBAEMbI€ CUIIbI JIEXKAT B OJI-
HOM 11ockocTH (Tiockasi cuctema cui). [Ipuuém BpamareabHbie 3QPEeKThI Cril Bbl-
YHUCIISIOTCSA TOJIBKO OTHOCUTENBHO TOYEK TOH ke MIockocTu. C MI0CKOCThIO CHUJI CO-
BMECTUM KOOPJAMHATHYIO MIIOcKOcTh OXY (puc. 7). Ocb Oz HampaBuM neprieHIu-
kymapHo OXy Tak, uto OXyZ sBisieTcs MpaBoil CUCTEMOW KOOpPAHMHAT.

Puc. 7

B HJaHHOM YaCTHOM CJIy4dac BeKToprlﬁ MOMEHT CHIbl F OTHOCHTEIBLHO TOY-

ki A kommuaeapen ocu Oz must mo6oii cuntbl F 1 1000# TOUukM A |, IEKaIIuX B

mwiockoctu OXy , T.e.



Ma(F) = (mp, M4 (F)F,
rae np,M,(F) — npoexuus Bexropa M4(F) wna ocs Oz , k — Hanpapnsrouuit
opt ocu Oz . CienoBaTenbHO, BpaaTenbHbii SQdeKT cuabl F  OTHOCHTEIBHO
TOYKH A HOJHOCTBIO XapaKTEPU3YETCs CKAISIpOM
my (F) = np,Mu(F), @)
HA3BIBACMBIM ANreOPAHYECKMM MOMEHTOM CHJIbI F OTHOCHTEIIBHO TOUKH A.

CornacHo ypaBaeHusim (4), (3), umeem
mA(F):TxFy_Tny : (5)

rae Ty, Ty — KOOPIMHATHI BEKTOpa T, MCXOAIIEr0 M3 TOYKM A U TPUXOMAIIETO B
TouKy mpuioxenns cuisl F (puc. 7), Fy, F,, — xoop/mHaTh! CHIIbI F. annas ¢op-

mya (5) ucrob3yercst s Bbrauciaernst My (F) B KOMIBIOTEPHBIX MPOrpaMMax.

OCHOBBIBasSICh Ha COOTHOIIECHHUH (4), YCTAaHOBUM CJIEIYIOIIEEe MPaBUIO HEIMO-

CPEACTBEHHOI'O BBIUKMCIIEHUS ITl4 (F) , KoTOpoe HCIIONB3YeTCs PH PELICHHH 33134

BPY4YHYIO.
Anrebpandeckuii MOMEHT CHIIbI ' OTHOCHUTEIHLHO TOUKA A paBeH MPOU3Be-
nenuto moxynst F oroit cunel u nmeua N sToit cunel otHOCHTENBHO TOUKH A, B3d-

TOMY CO 3HAKOM ILTIOC, €CJTH BpAIlaTeIbHbIH d3PPEKT CHIIbl ' OTHOCUTEIILHO TOYKH

A HampaBlieH IPOTHB XOJa YaCOBOW CTPENIKH, W B3ATOMY CO 3HAKOM MHUHYC, €CIU

BpaIareabHbIil 3G GeKT cuibl F OTHOCHTEIBHO TOYKHM A HampaBlieH O XOIy Ya-

COBOM CTPEJIKH, T.€.

mA(F_) :iFh, (6)

[IPaBUJIO 3HAKOB! @ A\’—),

rae N ects mMHa mepnenmuKynsApa, OMyIEHHOTO U3 TOUKM A Ha JIMHUIO JeHCT-

Bust cuisl F (puc. 8).
o i *
h K
A RO

Puc. 8




3ameuanue. Ecnu npu BBIYMCIEHMH MOMEHTA CUJIbI 3aTPYAHUTEIbHO HAWTH
IUIEYO, TO HY)KHO PA3OKHUTh CHIY Ha COCTABIAIONINE, Y KOTOPBIX TUICUH OMpese-
JISTFOTCS TIPOCTO, U BRIYUCIUTH MOMEHT MCXOJIHOM CHJIBI KaK CyMMY MOMEHTOB dTHUX
cocrapistomux. Hanpumep (puc.9),

my(F)=my(F') + my(F")=Fcosa:(a—c)— Fsina-b.
7. MOMEHT CHJIBI OTHOCHTEJIHLHO OCH

ByzmeM OCHOBBIBAThCS Ha ciemyromeil dusmdeckoit momenu. Cura F mpu-
JIO)KEHa K Tely, KOTOPOE€ MOKET BpalllaThCsi OTHOCUTEIBbHO HEMOABUKHOW OCHU
(puc.10). ITo ocu BpaleHus TeNna HanmpaBuM KoopauHatHyo ock OZ.

Ta 4acTh AEHCTBHUS HA TEJIO CHIBI F , KOTOPas MPOSIBISCTCS B MPUAAHNI Te-

11y Bpaienus orHocutensHo ocu OZ, HaspiBaeTcs BpalareabHbIM dP(HEKTOM CHIIBI

F ornocurensno ocu OZ.

PaccmaTtpuBaemblil BpamatenbHbI 3QQPEeKT XapakTepu3yercs €ro BEeTudH-
HOM M HampaBieHueM oTHocutenbHo ocu OZ. Drta mHGOpMaIMsa O BpalaTeIbHOM

s dexte MaTemaTnuecku Bhipaxkaerca ckanspom M, (F) — momentom cuner F ot-
nocutensHo ocu OZ. Moayns ckangpa M, (F) pasen Bennumne BpamarensHoro
s¢dexra, a 3nak M, (F) nokasweiBaer nanpasnenune BpamarenbHoro sgp@ekra oTHO-

curensro ocu OZ.
YcTaHoBMM Kak 3amaroTcs Moxyib u 3Hak Momenta M, (F) |, cormacyscs ¢

u3BecTHBIMU onpeneneHusmu (2, 6) momentos Mg (F) , ma(F).

Pasnoxum cuny F Ha cocrapmsome F' |, meprenaukyimspayio ocu Oz, u
F" , xommneapnyio ocu OZ (puc.10). ITousito, uto F” He mpuaer Teny Bpare-
aue otHocutenbHo ocu OZ , T.e. My (F") = 0. CrnenosarensHo, BpamarebHbiii
sddext cumer F oTHOCHTEnBbHO ocu OZ cocpeqoTodeH B e cocTapisiomei F
T.e. M,(F) = M,(F").

O6o3naunm gepe3 A Touky nepecedenus ocu OZ ¢ muockocTeio, IPoOXOas-
el 4yepe3 Cuiy F' u nepneraukyaspaoi ocu OZ. MHOroBekoBas IpaKkTUKA H
MHOTOYHCJIEHHBIE SKCIIEPUMEHTHI TI0KA3a/Ii, YTO BEJIMYMHA BPAIATENLHOr0 d(hek-
ta cumel F' orrocurensro ocu OZ mpsiMo mporopupoHansHa Mogymo  F 9Toi

; . —
CUJIbI U PACCTOAHHUIO h OT TOYKH A J0 JIMHUM JCUCTBUs CHIIBI F’ . HOSTOMY BCJIN-

urHa BpamareabHoro addexra cunsl F' ornocurensro ocu OZ ycranosnena pas-

woit /-0’ 1e. [My(F")|=F'-I.

10



Takum oGpazom,

M,(F)=+F' -h’, (7)

/i€ 3HaK IUTI0C MPUHATO BBIOMPATh, KOT/Ia CO CTOPOHBI MOJOKUTEIBLHOIO HalpaBJie-
nust ocu Oz Bpamarensubiii 3¢ ekt cunsl F (cunst F') BuseH HanpapieHHbIM IIPO-

THUB X0J1a YaCOBOM CTPEJIKH.
N3 dopmynsl (7) cienyer, 4TO MOMEHT OTHOCUTENIbHO ocu OZ BEKTOpHOMU

npoekuuu cwiel  F B o0yl mneprneHAukyisapHyio ocu OZ MI0CKOCTh pa-

Ben M, (F ). D10 3ameuanue crioco6CcTBYET panuoHansHomy Berunciennto M, (F).

ZA

v

Puc. 10 Puc. 11

dopManu3yeM paccMaTpUBaEMOE MOHATHE, a0CTParupysach OT MaTepUaIbHO-
ro Tena, K KOTOPOMY IpHIOXKEHA cuia. ViMeeM B BHAY TONBKO cuiy F M mpoms-
BOJIBHYIO Z-OChb B IpocTpaHcTBe (puc. 11).

BriGepem mo0yro touky O Ha z-ocu u nocrpoum koopauHarasie ocu OX, Qy

Tak, o OXYZ sBrsieTcst mpaBoii MpsIMOYTOJIBHOM JTEKAPTOBOM CUCTEMON KOOP/IMHAT.
Yka3zaHHble Bblle PU3MUECKue 000CHOBAHNS, BHIPA3UBIINECS B COCTABICHUN
dbopmybl (7), TPUBOAAT K CIEIYIONIEMY OMPEACIICHUIO.
MowmentoM cuisl F oraocurensHo ocu OZ naseiaercs ckamsp M, (F) | Bi-

yucsieMbl 1o hopmyiie

Mz(F):mﬂ(ny):iny'hxyi (8)

rae ny — BEKTOpPHAs MPOEKITUS CHUJIIBI F B mwiockocTs Oxy, mn(ny) — anreOpau-

YEeCKUH MOMEHT CHIIBI ny otHocuTenpHo Touku O, Fx}, — MOAyNb cuibl, Fyy,

hxy — IINIICYO CHJIBI Fx}: OTHOCHUTCJIIBHO TOYKHU O, 3HAK IIIFOC COOTBCTCTBYCT CIy4aro,
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Korga CO CTOPOHBI ITOJIOKUTCIBbHOI'O HAIIPaBJICHUA OCH Oz BpaHIaTGHLHLIﬁ B(i)(i)eKT
CHIJIBI ij,- oTHocHuTenbHO ocu Oz BHUACH HaIPaBJICHHBIM IIPOTUB XO/1ad 4acoBOU

CTpPEJIKH.

ITycth cuna paccMaTpuBaeTCs r€OMETPUYECKH, T.€. MPEACTaBjeHa HampaB-
JaeHHbIM oTpe3koM. CorniacHo ompeaeneHuto (8), 4ToObl BPYYHYIO HANTH MOMEHT
CHJIBI OTHOCUTEIBHO OCH HAJ0

1) cmpoenupoBaTh CHUIIY B JIFOOYIO INIOCKOCTh, MEPICHANKYIISIPHYIO OCH,

2) BBIYMCIUTH AIreOpanvdecKHii MOMEHT BEKTOPHOM MPOCKIMH CHUJIBI OTHO-
CUTEJIbHO TOYKH MEPECEUYEHHUS OCU C IUIOCKOCThIO, B KOTOPYIO CIIPOEHUPOBAIN CHITY
(npu ompeneneHun 3HaKa aaredOpandyeckoro MOMEHTa HaJ0 CMOTPETh B ATY IUIOC-
KOCTh CO CTOPOHBI MOJIOKUTEIHLHOTO HAITPABJICHUS OCH).

BrisicHuM, kak HalTH MOMEHT CHJIBI OTHOCHTEIIBHO OCH, KOTJa CHJIa 3ajaHa
anajgutrdecku. CoriacHo cooTHomeHusIM (8), (5), nmeeM

M, (F) = XF,, — YF
rne X,Y — a0Ocmucca n OpAuHATa TOYKU MPUIOKEHUS U CUJIBI Fx}, U CHUJIBI F ,

F., F, — npoexuun na ocu OX, OY u cunpt Fyy u cusr F. CpaBHuBast maHHOE

ypaBHEHUE C ypaBHEHUEM (3), MOTyYUM POpMYITY

Mz(F) - HPZED(F)-

B nannoit popmysne uMms ocu He CYIIECTBEHHO, T.K. paHEe OTMEYAIOCh, YTO Z-OCh
ecTb MPOU3BOJIbHAS OCh B IpocTpaHcTBe. [103TOMY, YTOOBI MOAUEPKHYTH OOIIHOCTD,
npencTaBuM GopMyIy B BUJE

Mf(F):npfﬂﬂ(F_):Hﬂ(F)'g, 9)

rie £ — npowsBombHas ock B mpocTpaHcTBe, £ — Hampasnsomuii opt £-ocwy,
O — mo6as Touxa ocu €. CormacHo ypaBHeHHIO (9), MOMEHT cuibl F OTHOCHTENBHO
TIPOM3BONBHOM och £ paBeH MPOEKIMH Ha 3Ty OCh BEKTOPHOrO MOMEHTa Cuibl F |

BBLIYKMCIIEHHOIO OTHOCUTENLHO 11000M Toukn O 3T0M ocH.
N3 ypaBHenuii (9), (3) clienyroT UCNOIb3yEMbIE B KOMIIBIOTEPHBIX MPOrpam-

Max BbIpaxenns 1 Momentos cunst F = (Fy,F,,,F;) otHocutensuo koopauHat-
ueix oceit OX, Oy, Oz :
M. (F) = yF; —zF,,
M, (F) = ZF, — XF,, (10)
M, (F)

XFy, — YFy,
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rae X, Y, Z — KOoOpAuUHAThI TOYKH MPUIIOKEHUS CUIIbI F.
IIpumep. Haiiném BpydHYIO MOMEHTBI OTHOCHUTENBHO KOOPIWHATHBIX OCEU

cuiibl F', pacmooKeHHOM Ha TpaHK PSIMOYTOJIBHOrO Mmapauienaenumnena (puc. 12).

Iauo: a, b, ¢, Fll Oyz, F, a.

O| ~ b y Pemrenue:
7 > _
a ! M,(F)=—F cosa-c+F sina-b,
1 C
"4 | _ _
[ ____‘L M,(F) = —F sina-q,
X /// F: _________ i =
K - M_(F) = —F cosa- a.
Puc. 12
8. IMapa cua

[Tapa cui (mapa) — cucteMa U3 ABYX CWJI, JISKAIIUX HA MapajuieIbHbIX Mps-
MBIX, IIPOTUBOIOJIOKHO HAMPABICHHBIX U PaBHBIX 1O MOyt (puc. 13).

Paccrosaue h Mexy TUHUSME IEHCTBHS CHJT Tapbl HA3bIBACTCS IJICYOM I1a-
PBI CHIL

[Tapa cuin He UMeeT paBHOACHCTBYIOIIYIO, T.€. TIapa CHJI €CTh HeympoIaeMas
CHCTEMa CHIL.

BosneiicTBue mapel cuil Ha CBOOOJHOE TEIIO COCTOMT B CO3/JIaHWMU Bpallia-
tenbHOro 3 dexra. Konkpernee ropops, €ciu K MOKOAIIEMYCSI CBOOOJHOMY TeNy
OPUIIOKUTH Mapy CHJI, TO OHO HAa4y€T BpaIlaTbCs OTHOCUTEIBHO OCH, MPOXOASIIEH
Yyepe3 HeMOIBIKHBIN [IEHTP Macc Tella U MepIeHANKYIIPHON TNIOCKOCTH Maphl CHUIL.

Fo__— F_»
/
BA
/// O
,//1—;-: OB B o
FI
Puc. 13 Puc. 14

Bpamarenbubiii 3 ekt mapbl cuil CKIIaIbIBAETCS U3 BpallaTelbHbIX dhdek-
TOB CUJI, COCTaBJISIONIMX Mapy. BoiBenem BbIpakeHue JjIsi MaTeMaTUYECKOM Xapak-
TEePUCTHKHU BpamaTeabHoro 3¢dexra mapsl Cuil, T.€. JJIT MOMEHTA Taphl CHUJL.
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BriGepem npousBonbHyio Touky O B mpocTpaHcTBEe M HalIEM CyMMy BEK-
T, y
tTopHbIXx MoMeHTOB cui mapel {F, F'} otHocurensHO aTOM TOukK (puc. 14):

Mo(F) + Mg(F) =0AXF+0BXF =0AXF+0B X (—F) =
=(0OA—-0B)xXF=BAxF.
Buaum, 4To CyMMa BEKTOPHBIX MOMEHTOB CHII IaPhl OTHOCUTEIBHO TOUKH

O He 3aBUCHUT OT BbIOOpA 3TOM TOUKH.
Omnpenenenne. Momentom napsl cun {F, F'} naseiaerca sexrop (puc. 15)
M(F,F) =M, (F) + M,(F") =BAxF, (11)
KOTOpHIH, cornacHo ¢opmye (11),
1) meprieHAUKYJISAPEH MJIOCKOCTH Maphl CHJI (TOYKA MPHIIOKEHHUS 3TOT0 BEKTOPA
HE oIpesesieHa),
2) HampaBJICH TaK, YTO C €ro KOHIA BpalaTelbHbIA 3(PQEKT mapbl Cuil BHICH
IIPOTUB XOJ1a YACOBOM CTPEINIKH,

3) 1o MO0 PaBeH MPOU3BENEHHIO MOYJIS CUIIBI Iapbl F 1 meva mape! h, 1.e

| M(E,F') | = F-h.
M(F, ) 4
7 A
) \
F
& /
Puc. 15 Puc. 16

MoMeHT mapbl CHJI 4acTO yJAOO0OHO H300pakaTh OPHEHTHUPOBAHHOW JTyTOM,
Jexanied B MJIOCKOCTU Mapbl U MOKA3bIBAIOIICH HaNpaBlICHUE BpaIllaTeIbHOTO d(-
dekta mapsl cui (puc. 16). Pagom ¢ 3Toi qyroi yKkassIBaeTCss MOAYJIb MOMEHTA T1a-
PBI CHIL

Yr1BepxkaeHue. J[Be mapbl Uil 5KBUBAJICHTHBI TOTJIa M TOJIBKO TOT/1a, KOraa
UX BEKTOPHBIE MOMEHTHI PaBHHI, T.€.

{F\,F]} ~{F,,F;} & M(F,F])=M(F,F). (12)



JlaHHOE€ YTBEp)KICHHE IE€NaeT SIBHBIMU CIEAYIOIIME CBOMCTBA Mapbl CHII
(mogpaszymeBaeTcs, 4TO mapa CUjl BCEr/a paclojioKeHa B Mpezenax TBEPAOro Tena,
Ha KOTOPOE OHA JICHCTBYET).

1. IMTapy cui MOXXHO Kak YroJHO MepeMeIlaTh B IMJIOCKOCTH €€ JeHCTBUS.

2. Ilapy cuim MOKHO TIEPEHOCHUTH B JIIOOYIO MTapaJLICIbHYIO €i TNIOCKOCTb.

3. MOXHO MU3MEHSATh MOJYJIb CHJIbI U IJICYO Maphbl CHUJI, COXPAHss TOCTOSH-
HBIM HX MPOU3BEICHUE.

CaoticTBa 1, 2 TOKa3bIBAIOT, YTO MOMEHT Mapbl CHUJ €CTh CBOOOHBIN BEK-
Top. I[1o3TOMYy MOMEHT mapbl MO>KHO pacIoyiaratb MPOU3BOJIBHO B MpENeiax Tela,
Ha KOTOpPOE JIEWCTBYET mapa.

CornacHo ytBepkiaenuto (12), mapa cuil MOJHOCTBIO XapaKTEpPU3YETCs ee
MoMeHTOM. [lo3TomMy yacTto M300pakar0T HE caMy mapy cui, a ee MomeHT. I[lpu
TOM TOBOPST, UTO HA TEJIO JIEMCTBYET MOMEHT, MOAPa3yMeBasi, UTO Ha TEJIO JCHCT-
BYET Iapa Cuil.

[ToHsiTHe MOMEHTA Mapbl CUJI BECbMA MOJIE3HO, T.K. MO3BOJAET BBIPA3UTH ME-

XaHu4eckoe BoszeiicTeue Ha Teno napsl cui {F, F '} oguum sexropom M(E,F') . B

TEpPMHUHAX MOMEHTOB Nap GOpMyJIUpPYETCs U peLIeHUE IBYX OCHOBHBIX 3aJ]1a4 CTaTH-
KM JUIs1 CUCTEMBI I1ap.

YTBepxkaeHne. Beskas cucrema map CWl DKBUBAJIEHTHA OJHOW Iape CHIL,
MOMEHT KOTOPOH paBE€H CyMM€E MOMEHTOB UCXOIHBIX I1ap, T.€.

{(F.,Fp), k=1, ,N}~{F, F'}, M(FF)=2XM(F,Fp). (13)

VYr1Bepxkaenue. CucteMa nap CUJl SKBUBAJECHTHA HYJIO (ypaBHOBEILIEHA) TO-
I/la ¥ TOJIbKO TOTJIa, KOT/la CyMMa MOMEHTOB 3THUX Tap paBHA HYIIIO, T.€.

{(F,,F), k=1,..,N}~0 & XM(F,F)=0. (14)

3ameuanue. B Boipaxenmsix tuma ), Wi moapasymeBaercs, 4T0 CyMMHpO-

BaHUE MPOBOJMTCS IO IEITOYMCICHHOMY MHACKCY K, KOoTOpoil mpoOeraeT Bce CBOU
3HAYCHUSI.
[Iycth paccMaTpuBaeMbie Mapbl CHII JIEKAT B OAHOW MJIOCKOCTH, C KOTOPOM

COBMECTUM KOOpAMHATHYIO MiockocTh OXY mpaBoii mpsAMOyrobHOM 1eKapTOBOH

CHUCTEMbI KOOpJAMHAT Oxyz. B srom uactHOM ciydae BEKTOpHBIE MOMEHTBI BCEX
T T/

nap xommuneapusl ocu OZ . [TosTomy KaXknaas mapa Cui {Fjr F } IIOJIHOCTBIO OII-

peaCIACTCA CKAJIIPpOM
Mz(l_:": 1_:'!) = npzm (1_:: F'J) = :I: Fh ’ (15)
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Ha3bIBAEMBIM aJIre0pandecKuM MOMEHTOM maphl cwil. Ime F — Momynb cuutsl maps,
N — mnedo mapel, 3HaK IWIHOC BHIOMpPaeM, KOIJa BpallaTelbHbIH d((EKT mapbl CU
HaIpaBJIeH IPOTUB XOJa YaCOBOM CTPENIKU (I10APa3yMEBAETCs, UTO B IIIOCKOCTh CHIJI
OXY cMOTpUM CO CTOPOHBI TONOKUTENLHOT0 Hanpapjienus ocu 0Z).

[Tpumep. [1mockyro cucteMy TpEX map CHUII MIPUBEIEM K OJHOU Iape CHJT.

40H
\'. -
3IM ‘ 6 M
) ( 30H [ =1 20K
40H 1-) \-|

HpCI[CTaBJ'IHGM Imapbl CUJI UX MOMCHTAMMU:

M, =120H'Mm M, =200 H-m M, =180 H-m

rone M, ,M,, M; — MOAYJIu MOMEHTOB COOTBETCTBYIOIIUX Map. Anredpanyeckue

MOMEHTBI TIap CUJI CIEAYIOLIHE:
Mlz :_120 H'M, MEZ :_200 H'M, MEZ = 180 H'M.
Haxonum anreGpandeckuiit MOMEHT pe3yIbTUPYIOIICH Maphbl CHJT

M, = M,,+ M,, + My, =120 — 200 +180 = —140 H-u,

nocie 4ero u3o0pakaeMm pe3yabTUPYIOUINII MOMEHT M TMOKa3bIBa€M OJUH W3 BO3-
MO>KHBIX KOHKPETHBIX 00pa30B pe3ybTUPYIOLIEH apbl CUII.

70 H
9. OcmoB- ] S Has
TeopemMa 2Mm M=140HwMm cTa-
"/
THKH _ i _
7J0H
Pe3ynb- TaT  perie-

HUS TIEpBOM OCHOBHOM 3a/1auM CTaTUKH (MPUBEAEHUE CUCTEMBI CUJI K MPOCTEUIIIEMY
BU]Y) CJIEIYIOIIHIA.
Teopema Ilyanco. Bcskyro cucremy AEUCTBYIOIIMX Ha TEJIO CHII

{F,, ..., Fy} MOXHO mpuBecTH OTHOCHTEIBHO Ipom3BoIbHOM Toukn O Tema (LeH-
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Tpa MPUBECHMS) K SKBUBAJICHTHOM CHCTEME CHJI, cocTosie u3 cwibl Fy , paBHO#
CYyMME HCXOJHBIX CHJI U mpuiioxkenHoi B Touke O, u mapel cuii ¢ MomenTom Mg,

PaBHBIM CYMMC MOMCHTOB MCXO/IHBIX CUJI OTHOCHUTCIIbHO TOYKHU O, T.C.
{Fli'"r]_:“} “"’{]_:'.0 ; T'_l"llﬂ} y 1_:"0 :ZF]_{ y T'_l’JIﬂ :Z.T'_l"llﬂ (]_:'.k) (16)

CornacHo Teopeme IlyaHco, Bo3aelicTBUE HAa TBEPIOE TEIO CHUCTEMbBI CHI
{F,,...,Fy} MoxnO BbIpasuth nByms BekTopamu Fo , Mg . TTosToMy HCIIOIB3Y-
I0TCS CJICNYIONINE Ha3BaHUs, OTPaKaIolUe BaXKHOCTh ATUX BEKTOPOB.

[71aBHBIM BEKTOPOM CHCTeMbI cui {Fq,...,Fy} HassBaercst Bexrop F |

PaBHEIM CyMMe 3THUX CUIL, T.€.
F=2F. (17)

3ameuanue. Touka mpuinokenus: Bekropa F  He koHkperusuposana. Uepes
Fy o6o3nayaercs riaBHbINA BEKTOP CUCTEMBI CHJL, TIPHIIOKeHHbIH B neHTpe O .

['1aBHBIM MOMEHTOM CHUCTEMBbI CHJI {Fl, ,FN} oTHOCHTENBHO HeHTpa O

Ha3bIBACTCS BCKTOP MD y paBHBIﬁ CyYMMEC€ MOMCHTOB 3THUX CHUJI OTHOCHUTCJIbHO AaH-

HOTO LIEHTPA, T.€.

M, =X M, (Fk) - (18)

['maBHBINA BEKTOP M IJIaBHBI MOMEHT BaXKHbI HE TOJIBKO MAaT€MaTUYECKH, HO
u Qusnyecku. Tak Kak ONMpeneNuThb OMBITHBIM MyTEM OTIEIBHO JCHCTBYIOIIUE HA
TEJI0 CHJIBl YaCTO HEBO3MOXHO, a TJIABHBIN BEKTOP U IIABHBIA MOMEHT ONPEACIISIIOT-
Cs CpPaBHUTEIIBHO JieTKo. Hanmpumep, paccMoTpum Bajl, HAXOASIIUKCS B TOAIIUITHU-
Kax CKoJibXeHusl. [Ipu BpallleHuu Bajia HA TOYKH €ro MOBEPXHOCTH JECUCTBYIOT CO
CTOPOHBI NOAIIUITHUKA CUJIBI TPEHUS. YHUCIIO TOYEK KOHTAKTa U MOJIYJIW CUJI TPEHUS,
Kak IpaBUJIO0, HE U3BECTHBL. He Bcerma ux MOKHO OINpPENENIUTh U C TOMOLIBIO JKC-
MEPUMEHTA, OJHAKO MPOCTHIM U3MEPEHUEM HAXOJIUTHCI CyMMa MOMEHTOB BCEX CHJI
TPEHHSI OTHOCUTEIIBHO OCHU BpAILICHUS, T.€. [JJABHBI MOMEHT CUJI TPEHUSL.

CBsi3b MEX]y 3JIEMEHTaMU MPHUBEIAEHUS CUCTEMbI CHUII {Fl, ...,FN} K Ipo-

CTeillleMy BUJly OTHOCUTENBHO pa3HbIX LIGHTPOB A U B BbIpaxkaercs popmynamu

FB :FA:EFLE: (19)
TT"IB:TT"IA{‘EKFA :TT’IA+HB(FA). (20)
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[pumep. [Tnockyio cucremy cun {Fy, ..., Fg} (puc. 17) npuseném k rnas-

HOMY BEKTOPY M INIABHOMY MOMEHTY OTHOCHUTENBHO LIeHTpa B. Bce cumbl u Touka B
3a1aHbl rpa)UuecKu Ha PaBHOMEPHOM CETKe, MacIITaObl YKa3aHbl HA PUCYHKE.

2
: 1H 1m
e F; 1H 1M
Fs / \\
N
\\
Fg F,
F
N
B
ol | Fe
/// Fl
| | Fs X
Fy g
Puc. 17

BBeném crucremy KOOpAMHAT Kak mokas3aHo Ha pwuc. 17. IlpeacraBum cuisl
AHAIUTHYECKU:

F,=(3,2, F,=4-3, F=42, F=(0,23),
Fs=(-4,0), F¢=(3,3), F,=(3,-3), Fa=(-4,-2)
HaxoauM KOOpIHHATHI TIaBHOTO BEKTOPA JAHHON CHCTEMBI CHII:
Fy = X Fi= 3+4+4+0-4-3-3-4=-3H,
Fy =2 Fiy = 2-3+2+3+0+3-3-2=2H .

HaXOI[I/Il\/I IJIaBHBIN aJir C6p3,H‘I€CKPII>i MOMCHT CHCTEMBI CIJI OTHOCUTCIBHO LICH-

Tpa B, npuuém anrebpandeckuii moment kaxaoi cunbl F (K =1, ..., 8) Beruncnsem
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KaK CyMMY MOMEHTOB €€ COCTaBJISAIOLINX F ft . F ,f:’ , KOJUTMHEAPHBIX KOOPIUHATHBIM
OCSIM:
Mgz = L mg (F,) = X(mp (F;i] +mﬂ(ﬂf]] =
=(3-4-2-10)+(—4-54+3-1)4+(—4-4—-2-9Y4+(-3-3)+(—4-4)+
+(3-1-3-8)+(3-44+3-3)+(—-2-3)=—-90H- M.
['maBHBIM anreOpanyecKuii MOMEHT OTHOCUTEIbHO IleHTpa B cuctembl cui
{F,,...,Fg} cuemyrommii

N300paxaem Ha puc. 17 rnaBHbli BekTop Fp W TIaBHBIE MOMEHT Mgy .

Ha sTom nmpumep 3aBepiuén.

OOBIUHBIM YIPOUIEHHEM MPOU3BOJIBHON CHUCTEMBl CHUJ SBISETCS €€
SKBUBAJICHTHOE IpPeoOpa3oBaHHE K CwWie U nape cwil (MOMeHTy). BosmoxkeH u
Jpyroil BapuaHT YIpoleHus cucteM cui. [IpousBosibHas cucTemMa CUi MOXET OBbITh
NPUBEICHA K BYM CHJIaM, B OOLIEM CIIy4ae He JISKAIIUM B OJJHOM IJIOCKOCTH.

10. YpaBHeHus1 paBHOBECHSI CHCTEMBbI CHJI

Pe3ynbTar pemieHusi BTOpoid OCHOBHOM 3a7jauM CTaTUKK (BBIBOJI YCIOBHUM SKBHUBa-
JIEHTHOCTH HYJIFO CUCTEMBI CHJT) CIEAYIOLIUH.
Teopema. [Ins paBHOBecHss (PKBUBAJIEHTHOCTH  HYJIO) CHUCTEMBI  CHII

{Fy,....FnJ

HEOOXOAMMO U JIOCTATOYHO, YTOOBI CyMMa 3THUX CHJI paBHSJIACh HYJIO, U YTOOBI
CyMMa 3JIEMEHTOB 3THX CHJI OTHOCHUTEIBHO IPOM3BOJBHON TOYKM O NpocTpaHCTBA

{Fi, ..Fyj~0 & XYF. =0, XM (F)=0. (21)

paBHATIACh HYIIIO, T.C.

JlaHHast TeopeMa BbIBOAUTCS U3 TeopeMsl [TyaHco (ocHOBHast Teopema CTaTUKH) C
YUY€TOM, YTO CHJIA U TTapa CHJI HE MOT'YT YPaBHOBECUTH JIPYT IpyTa.

YpaBHeHus
2XFc=0, M, (F) =0 (22)
HA3bIBAIOTCS  YPAaBHEHUSMHM  PABHOBECHS  NPOCTPAHCTBEHHOM  CHCTEMBI  CHII
{{F,, ..., Fy} B BexTOpHOIi Bopme.

[Tpoenmpys BeKTOpHBIC ypaBHEHUs (22) Ha OCH JIEKaPTOBOW CHCTEMBI KOOP-
nuHaT OXyz (puc.18) momydaem ypaBHEHHUS paBHOBECHS MPOCTPAHCTBEHHOU CHUCTE-
Ml cwt B {Fq,..,FN} ckamspHoil dopme
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L2Fx=0, XFy =0, LF =0, (23)
EMx(Fk) — U: ZM}r(Fk) — U: ZMZ(Fk) — 0:

rae Fix, Fiy, Fiz - npoexuuu cuibl Fi, ma ocu 0%, Oy, 0z coorBercTBeHHO,
M., (F,), M, (Fp,), M, (F),) — MOMeHTHI cHIbl F,. oraocurensHo oceii OX,

Oy, Oz coorserctBenno, k=1, .., N.

3aMeuaHue. YUuThbIBas MPOU3BOILHOCTH BeIOOpa Touku O | u3 ypaBHeHnii

(22) cnenyert, 4To cCyMMa MPOEKIUH YpaBHOBEUICHHOH (3KBUBAJICHTHON HYIIIO) CHUC-
tembl cunn { Fy, ..., Fy } Ha m100y10 £ - OCh IPOCTPAHCTBA PaBHA HYIIO U CyMMa MO-

MEHTOB 3THX CHJI OTHOCUTENBHO J1000i1 £ - OcH paBHa HYIIIO, T.€.

ZF;{; == G, EM-F(FL:} == D . (24)

) L]
F otz oo
- - .
—_— ./’;,acﬁ__ F,, — ~

f / =\
/ / é (\ / NGO .'II Fi |

. AN = > x
D "\ Fv Y \R D \ 'FN - e
X -\-\-H-\_\_‘_‘—\-\_._\_,_:-'—'_'_F
Puc. 18 Puc. 19

Beimenum gacTHbIN ciay4daii, korga Fy, ..., Fy J1exar B OIHOM III0CKOCTH (pHC.

19) . C mII0CKOCTBIO CHJT COBMECTUM KOOPJIMHATHYIO TIIOCKOCTH XY. B aTOM yacTHOM
cllydae o01ue yclioBusi paBHOBecus (22) mpeodpas3yroTcs K TPEM CKaIspHBIM ypaB-
HEHHSIM, KOTOPbIE MOKHO MPEJCTaBUTh B CIECAYIONUX (hopMax.

[lepBas hopma ypaBHEHHI paBHOBECHS IJIOCKON CUCTEMBI CHII:

2F=0, XFy=0  Xmu(F)=0 (25

r1€ X-0Chb, y-OChb — JIIOObIE€ HEKOJUIMHEApHblE OCH B IUIOCKOCTH Ccui, A —
MIPOU3BOJIbHASI TOUKA B IJIOCKOCTH CHJL.
Bropas dopma ypaBHEeHU paBHOBECHS TTOCKOM CUCTEMBI CHII:

YFx=0XYma(F)=0Xmsg(F) =0, (26)

rae X-ocb U Touku A, B BbIOMparoTCs MPOU3BOJIBHO B IIOCKOCTU CHJI, JIUILIb ObI
npsimasi AB He Obl1a nepneHauKyJIspHa X-OCH.
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Tpetba dopma ypaBHeHHH paBHOBECHA ILTOCKOH CHCTEMEI CHIT:

Xmy(F)=0. Ymp(F)=0, Xme(F)=0, (27)

raeToukH A, B, C BHIOHpaWTCAd NPOH3BOIBHO B INTOCKOCTH CHT, THIIE OB OHH HE
JIeXKaTH Ha OJHOH IpAMOH.

11. AKTHBHEIE CH/IBI H PeAKIIHH CBAH

CeA3p — OTpaHHYeHHe Ha [JBHKeHHe Teda. [ eoMeTpHUecKad CBA3b —
Or'paHHYCHHE Ha [TOJI0KeHHe Tella B IPOCTpaHcTBe. B cTaTHKe QHIVPHPVIOT TOIBKO
reoMeTpHUeCKHe CBA3H.

HeceoGoaHoe Tel10 — Te10. Ha KOTOpOe HATTOKEeHH CBA3H. ECTH cBA3eH HeT, TO
TeT0 Ha3BIBASTCA CBOOOIHEIM.

CBf3b MOJKHO BEIpa3HTh (JOpMATBHO, T.e. HEKOTOpPEIM 00pazoM VKazaTh
MHOJKECTBO JOITyCKaeMEIX CBA3BI0 JBHKCHHH Tela.

B kiaccHueckoH MeXaHHKe KakIad paccMaTpHBaeMad CBA3b pealH3Vercs
IOCPEICTBOM KAKOT 0-THOO MaTep HATLHOT O Tella, KOTOPOe TAKKe IIPHHATO HA3EIRATh
CBA3BI0 ((pH3HYeckoH). [To3TOMY MOKHO TOBOPHTH O MEXaHHYeCKOM BO3JeHCTBHH
CBA3H ((DH3HYeCKOH) Ha MMOJ9IHHEHHOE eH Telo.

3amedanHe. O0BRYHO He VIOUHAKT GopManbHEIH HIH QHIHYECKHH CMEICT
IpHOaeTcsa TePMHHY CBA2E, eCJIH 3T0 ACHO H3 KOHTeKCTa.

PeakIHH CBA3H — CHIIEBL, XapaKTepH3VIOIIHe MeXaHHIecKoe JeHCTBHe CBA3H Ha
IOJIYHHEHHOEe eH Telno. PeakllHH CBA3H BO3HHKAKT B TOYKaX KOHTAaKIa Tela co
CBA3BID, KOTJA TENIO CTPEMHTICA HAPVIIHTL CBA3E.

AKTHBHAg CHIa — CHIA, He ABIAKIIAACA peakIHeH CBA3H. AKTHBHEIE CHIEL
oOBIYHO 3a0aHEl. HanpHMep, CHIa TAKECTH eCTh aKTHBHAA CHIA.

PeakiHH CBA3H ONPEeIeldioTcd CBA3BI0 He MOTHOCTRIO, T.K. OHH 3aBHCAT H OT
JeHCTEVIOIIHX Ha Tell0 aKTHBHEIX CHI. PacdeT peakuHH ceazeH HMeeT Oojblioe
IpaKkTHIeCKOe 3HadeHHe. B 9aCTHOCTH, OH Heo0X0JHM IIPH NPOYHOCTHEIX pacieTax
pasIHYHBIX KOHCTPVKIIHH H HX OIOD.

B craTHEe 1714 OTBICKAHHA PeaKlHH CBA3eH CAVIKAT VPaBHEHHA PaBHOBECHT
CHCTEMEI BCeX JEHCIBYIOINHX Ha IMOKOAIIeecd Teno CHI. EclIH 3THX ypaBHeHHH
CTATHKH JIOCTATOYHO, TO 3aJada pacdeTa peaklHH CBA2¢H Ha3BIRaeTCA CTAaTHYECKH
oIpeneTHMOH. FIMEeHHO TakHe 3aJadH paccMaTpHBAKOTCA B CTATHKE TBEPIOIO Tela.
[IpH peIIeHHH CTaTHYECKH HEeONpeleTHMBIX 3aJad HeoOXOJHMO VYHIEIBATh
JedopMHpPYEMOCTs Tera. CTaTHYeCKH HeolpeleTHMEBIE 3aJadH pacdeTa peakiTHH
cBA3eH paccMaTpHBaKOTCA B CTATHKE JeOpMHPYEMOT0 Tela.
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12. HexkoTophblie BHABI CBA3€H H HX peaKIIHH

IIpyn omnmcaHuu CUIOBOTO BO3JECUCTBUS CBSI3M Ha IOJYMHEHHOE €U TEeJO0
UCIIONB3YIOTCS CAEAYIONIUE 00IIHre COOOpaKeHUSI.

Ecnu He w3BecTHa JMHMS NEUCTBUS KaKOW - JIMOO PEAKIMU CBSI3H, TO JTY
PCaKIMIO CBSI3U HAIO0 Pa3jiokKHUTh Ha cocTaBiisitoniue ( ymoOHee BCero — BIOJb
KOOPJAMHATHBIX OCEH ) U Jjajiee pacCMaTpUBAaTh UMEHHO 3TU COCTABIISIOLIHUE.

Ecnn He u3BECTHO HaNpPABICHHUE PEAKLIMU CBSA3U BIOJb €€ JIMHUU JEUCTBUS, TO
OHO n300paxkaeTcst yciaoBHO. [Ipu 3TOM eciiu HaliJIeHHAs! B Pe3y/IbTaTe pacueToOB Be-
JUYMHA PEAKINH CBSI3M OYIET OTPHIATEIbHON, TO ATO O3HAYAET, YTO HaIpaBJICHUE
pEaKLMM CBSI3U HE yrajaiu, T.€. JCHCTBUTEILHOE HAMPABICHUE PEAKIIUU CBSI3H TIPO-
THBOIIOJIO’KHO MOKAa3aHHOMY Ha PUCYHKE HAMPABICHHUIO 3TOW PEAKIINHU.

WNHoria HeBO3MOXKHO MOAPOOHO HAWUTHU CHUIIOBOE BO3JCHCTBUE CBS3HM HA MOAYH-
HEHHOE e Teno. Hanmpumep, koraa peakiuu CBA3W HEMPEPHIBHO PACIPEAECICHBI HA
HEKOTOPOM 4acTH Tejla. B 3TOM ciydae moiexar ONpeIesICHUIO TJIaBHBIM BEKTOP
ED U TJIaBHBIM MOMEHT f‘:f.;'? peakumii cBs3u, rae O — MpUHAAIEKANMNA TETY UEHTP
MIPUBEICHUS.

[TpuBenem ucnonp3yemMbie 0003HAYCHMS CBS3CM M MOokakeM ux peakiuu. [1lap-
HUP 0003HAYaEeM ITyCTHIM KpyKKOM. HermoiBMKHOCTE Tema 0003Ha4aeM M TPUXOBKOM.

[ 1tocknit ciryyan.

1. Tpoc, HuTh, crepxensb (puc. 20) .

PaccmarpuBaemoe Te10 COEIUHEHO TPOCOM, HUTHIO, CTEP)KHEM C HEKOTOPHIM
HETIOJIBMKHBIM TEJIOM, KOTOPOE CXEMAaTHYHO M300pa)K€HO YEPTOH C IITPUXOBKOM.
Peakiuu Tpoca ¥ HUTH HaIpaBJIEHBI, KaK TTOKA3aHO Ha pUCYHKE. Peakius cTepkHs
MOKa3aHa YCIOBHO (BO3MOXKHO, 3Ta PEaKIUs B ICUCTBUTEIILHOCTH HaIlpaBJeHa B 00-

paTHYIO CTOPOHY).

CTeEpPXEHb

Puc. 20
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2. lllapaupHo moaBMKHAs oropa (puc. 21).

PaccmaTtpuBaeMoe Teno MIApHUPHO COEIU-
HEHO C HEKOTOPBIM MOJABUKHBIM TEJIOM, KOTOPOE
CXEMaTHYHO M300paKEHO TPEYTOJbHUKOM C KO-
JecukaMu. TpeyroiabHUK MOXKET MepeMenaThCs
TOJILKO BJOJb JIMHUH, C KOTOPOH COMPUKACAIOT-
Csl KOJIECHKHU. Peakmusi CBS3M MEpPICHIUKYIIsIpHA
JMHUHU, HA KOTOPOH PaCIOJIOKEHBI KOJIECHKH.
HanpaBnenue peakuuu CBS3HM MOKa3aHO YCJIOB-

HO, BO3MOXHO, B JICICTBUTEILHOCTH PEAKIHUS
HaIpaBJieHa B OOPaTHYIO CTOPOHY.

3. apaupHO HenmoABWXKHAs oropa (puc. 22).
PaccmarpuBaemoe
TEJIO IIAPHUPHO CO- 4y
eIMHEHO C HEKOTOPBIM
HETIO/IBIKHBIM  TEJIOM,
KOTOPOE  CXEMaTHYHO

U300pakeHO Tpe- R ax

YrOJIbHUKOM. /[laHHas >

CBSI3b  IPENSATCTBYET 5
HEepeMEIIEHUI0 TOYKH >
A 1o BceM HampaBie- Puc. 22

HUSM B Xy—IUTOCKOCTH. HampaBiieHue peakiuu CBsI3u HEU3BECTHO, ITOATOMY pacKia-
IBIBAEM €€ Ha COCTaBJISIONIME BHOJIb KoopauHaTHbIX ocel, T.e. Ry = (Rax,Ray )

, M J1aJiee paccMaTpuBaeM MMEHHO 3TH cocTaBisitomue Ry, Ry (Apyrue ucmoms-
3yeMble ob0o3HaueHus: Ry — X5 ,Ra;; Ray — ¥a,Ras ) . HanpaBnenue peak-

IIUH CBS3M MOKAa3aHO Ha PUCYHKE C TOYHOCTHIO JI0 OOPATHOTO.
4. XKectkas 3anenka (puc. 23).

PaccmarpuBaeMoe TelO KecT- y Z Ray
KO COCIMHEHO C HEKOTOPHIM He- 4‘ A R,
MOJIBIDKHBIM ~ TeJIoM.  Hampumep, Y >
Oasika 3ajienaHa B cTeHy jgoma. Pe- 0 X éﬁ A M.,

dKIIMY CTCHBI HCIIPCPBIBHO PaCIIpC-
JACJIICHBI IIO0 4aCTHU 63.J'IKI/I, Haxoas-

Puc. 23

mieficst BHyTpH cTeHbl. CormacHo Teopeme IlyaHco, peakiuu cTeHbl MOKHO TPUBEC-
TH OTHOCHTEJIBHO TOYKH A (TOYKa IepecedeHus CpeHel TMHUU OaIKH C TPaHUIICH
crenbl) K riuaBHoMy Bekropy Ra = Raxl1+ Ray] U TJIaBHOMY MOMEHTY
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M, = MazK, TIe l,] ,K - HampaBJSIOIIME OPTHl KOOpAWHATHBIX oced Ox,
Oy,0z coorBerctBeHHO. TakuM o0Opa3zoMm, B cCilydyae >KECTKOW 3aJCNIKU PEaKINU
cBs3u caenyromue : Ryy , Rav , Maz (apyrue o6osnadenus : Ry — X5, Ra; ;
Rav — Va,Raz; Maz — Mg, M, ). HanpaBnenue peakuuii cBsi3U OKa3aHO Ha pu-

CYHKE C TOYHOCTBIO 10 00paTHOrO.
5. Cxonb3sias 3a-
nenka (puc. 24).

banka (moys3yH u T.1.)
— — MOXEeT nepeMeniaTbes

TOJIbKO BAOJIb IIapaJlICIIb-

HBbIX MPSAMOJHUHEHHBIX Ha-
Puc. 24 npasisitomux.  CoriacHo

teopeme [lyanco, peakuun

HATPABJSIOMIAX PUBOISATCS OTHOCHTEIBHO TOYKH A K [IABHOMY BEKTOPY Rp , KO-

TOpBIfI COOTBCTCTBCHHO CBA3H ICPIICHANKYIIAPCH OCH CKOJ'IB3$IHICI>1 3a4CJIKU, U I'JIaB-
HOMY MOMCHTY Mgz . HaHpaBHCHI/IH peaKHI/Iﬁ CKOJII)?;?IIHGﬁ 3aJCJIKHN ITOKa3aHbI C

TOYHOCTHIO 0 OOPATHOTO.

6. MneanbHO riaakas IOBEPXHOCTH (pHC.
25) .

Peakun naeanbHO raj kol MOBEPXHOCTH
MEePIEeHAUKYJISAPHBl A3TOM MoBepxXxHOCTU. Eciu
MMOBEPXHOCTh PACCMATPUBAEMOIrO TeJa TAKKE
UjeanbHO IJ1aJKasl, TO peakius BeICTyNa (cuia

N3) nepnenmukynspHa IOBEPXHOCTH Tejna

NONNN NN N NN

NONOSNONN

(yauThiBaeM TpeTHii 3akoH HproToHA).

VAV A A A A A
Puc. 25

IIpocTpaHCTBEHHEBIN CIIVYali.

1. HunusapudecKuid mapHup
(puc. 26 ).

Touka A Tema MOXeET Tmepe-

MEIIAThCA TOJBKO BIIOJb OCH IH-

AY

"~ 0Cb LMNMHAPUYECKOrO

A WapHUpa
R JUHIpUYecKoro mapuHupa. Otme-
AX o
X TAM, YTO UWJIWHIPUYECKUH IIap-
Puc. 26 HUP HE MPEMSITCTBYET BPAILCHUIO
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TeJa OTHOCHUTENbHO TOUYKH A. K coxkaneHuto, B yueOHMKAX H300pakeHUe TaHHOMU
CBSI3U aHAJIOTUYHO M300paKCHHUIO TUIOCKOW CKOJNB3SIIEH 3aJe]KHU; Halo HU30eratrhb

IyTaHHUIBL. PeaKiys IMIMHAPAYECKOTro MAPHUPA R, MEpIeHINKYIApHA €ro OCH.
JIunus neficTBUS peakiMd He M3BECTHA, [OITOMY R, pacKiagblBAaeTCss HA COCTAB-
mrompe, T.e. Ra = (Rax , Ray ) . Jpyrue obosmaueHms: Rax — Xa,Rag;
Ray — ¥a,Ra,. Hanpasnenns peakumii R oy , Ry n306paxens Ha pucyHke ¢ TOU-
HOCTBIO J10 00paTHOTrO.

2. HlapaupHo HenoBUXKHAs oropa (puc. 27).

PaccmaTtpuBaemoe Teno map-
HUPHO COEIWHEHO C HEKOTOPBIM
HEMOJBMXHBIM ~ TEJIOM, KOTOpOE
CXEMaTUYHO H300paxeHo Tpe-
YTOJIBHUKOM. JIMHUA nencTBus pe-
aKLMU CBSA3U HEU3BECTHA, [103TOMY y

peaKIys CBA3H PAcKIa bIBAETCS HA >
cocrapmsromue, T.e. Ra = (Rax ¢ Rax

’Rﬂﬂf B REZ ] . PeaKHI/II/I Puc. 27
RAK ’ Rﬁy, RAZ I/I306pa)KeHI)I YCIIOBHO, BOBMOXHO , UX JICCTBUTEIILHBIEC HalIpaBJIC-

HUsI OOpaTHBI TMOKAa3aHHBIM HAa PUCYHKE HAmpaBiCHUSM. J[pyrue HCIOIb3yeMbIe
obo3naueHus: Ry = Xa ,Ras; Rav = va.Raz; Raz = z4,Ras.

3. XKecrtkas 3amenka ( puc. 28 ) .
PaccmarpuBaemMoe TEIIO IKECTKO CO-
CIMHEHO C HEKOTOPHIM HEMOJIBIKHBIM Te-
oM. Hanpumep, 9acTh CTEp)KHS KECTKO 3a- i
nemana B cteny. CormacHo teopeme I[lyaH- y
CO, HETMIPEPHIBHO PACTIPEICICHHYIO 110 3a]1e- May
JAHHOW 4YaCTH CTCPXKHS PEAKIUI0 CTCHBI

z
My
R
A
Ray
R ax
/ M
MPUBOJAUM OTHOCHUTEJIBHO TOYKU A K SKBU- .
BAJICHTHOM CHCTEME CHJI, COCTOSILIEH U3

IIaBHOT'O BCKTOpa EA = (RAX ,RAY ’ RAZ ) P 28
— uc.

U rmaBHoro  MomeHta My = ( Mgy

M,y , M,z ) . Tak Kax HampaBieHHe BEKTOpoB R, , M, HemsBecTHO, TO B KauecTBe
MCKOMBIX PEaKIUi CBA3M pacCMaTpMBaeM KOOPIMHATHI STHUX BEKTOpoB. Hampasie-
Hust peakumii Rax, Ray, Raz, Max, My, My  H306paskeHbl HA PHCYHKE C TOYHO-
CTBIO 10 OOpPATHOrO.

13. Ilpumepsl pacuera peakuuil cBs3ei
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ITpumep 1.
Hano: cxema koHcTpykuuu ( puc. 29), @ =30° F=10xH, a=060°

M=15 kH- M, IJI0THOCTH HEMPEPHIBHO pacnpeesieHHoN Harpy3ku (=16 kH/m, cuia

TsbkecTu rpy3a P=8 kH. Haiitu peakuuu omnop.

A M _
Abs 13 T=P Iy
A
4 > 3 E\ X
M M
Free — AF' :\
F'e q
e R EIXT:
2 M .V‘Q
-
4mM
Puc. 29
Pemenne.

PaccMOTprM paBHOBECHE KOHCTPYKIMH AB, SBISIOIIEHCS TBEPABIM TEIOM.
BBejieM crcTEMY KOOPIMHAT KaK IIOKa3aHO Ha PUCYHKE.

VKakeM BCE CHIIBI, ICHCTBYIONIME Ha pacCMaTPUBAEMOE TEITO: 3aIaHHast CHIIa
F (F = |F|), xoropyio pasnoxum Ha cocrapsomue F',F'"'; 3aganusii Moment M
(M = |[M|); 3aganHas HeIPepBIBHO pacIpeieeHHAS Harpy3Ka, KOTOPYIO IIPUBEIEM
k pasrogeiicrayroueil Q (Q = |Q| = 4-q = 24 kH, Q npunoxena B eHTpe COOT-
BETCTBYIOILIEr0 ydacTka); cuia T co croponst Tpoca (T = P = 8 kH, T.k. o ymor-
YaHUIO OJIOK MJCAJbHO TJIAJKHIA); COCTABIISIONHUE Xy , Vo (X4 = |Xal, ¥a = |¥al)
peakuuu omops! A ; peakuust Rg (R = |Rg|) omopsr B.

CocraBiisieM ypaBHEHHUS PaBHOBECHS:

»F.,.=0: Xy + T—Fsina—Rgsing =0, @)
2P, =0: ya+Fcosa—Q+ Rgcosp =0, (b)
Ymyu(F,)=0:M— (Fsina) -3+ (Fcosa)-4—Q-6 — (c)

—(Rgsing)-4+ (Rgcosp)-11=0.

Pemiast cucteMy ypaBHeHui (a) — (), HAXOAUM UCKOMbIE PEAKIIUU OIOP:

(c)= Rg=1794xH; (a)= x,=9.63kH; (b) = y,=3.47xH
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[Tpumep 2.

JlaHO: cxeMa KOHCTPYKIMH, cocTodmiel u3 nByx tBepasix ten AC u BC,
coenuuennbix mapuupom C (puc. 30), F;, =8kH, a=30° M, =20kH- M,
@ =60°% F,=10kH, M, =12 kH- M, minoTrHOCTb HENpPEpBIBHO pacHpeeIeHHON

Harpy3ku (=16 kH/M. Haiitu peakiuu orop v ycuiivsi B COSAMHUTENTHHOM IIApHUPE.

%Q " d F/{g
F T3 iV ¥ B
4m M ) 4M *_’T‘ 2mM
¥ ] aM
v ‘*’]}\ C:J X
o J( g

Puc. 30
Pemmenue.

PaccmoTpyM 1o OTIENBHOCTH paBHOBECHE KaKIOTO TBEPAOrO TENA, U3 KOTO-
PBIX COCTOMT KOHCTPYKIHS. BBenem cucremy koopauHart. [lokakem Bce CHIIbI, JEi-
CTByIOIIIME Ha paccmaTtpuBaembie Tena (puc. 31) . Xapakrepuszys MexaHUYECKOe
B3aumoericteue Tes1t AC u BC, yunteiBaeM Tpetuil 3aKkoH HploTOHA: CHIIbI B3auMO-

I[E?I?ICTBHH MAaTCPpHUAJIBHBIX TCJI JICKAT Ha OIIHOﬁ HpHMOﬁ, IIPOTUBOIIOJJIOKHO HaIIpaB-
JICHBI 1 PAaBHBI 110 MOJAYJIIO.

Q=4-gq=4-16= 64 kH.

~A x, S
T, ||_
ré.-' Mp,' F?‘ ST%I

4mM (AMl “— PLQ Z B.I >
R A R Y M
S C
F;‘ .L J §c Xc
b 3M 2M Y.
Puc. 31



CocraBisieM YpaBHCHHA PABHOBCCHUS:

teno AC
2F=0: Xy —Fycosa+x: =0, (@)
2Fg=0: ya +F sina+yc.=0, (b)
ch(Fk]=U’ Mpa—xa-4—ya-5—M; —(Fysina)-2 =0; (c)
teno BC
2F,.=0: —xc —F, +Ssingp =20, (d)
ZFk},=D= —ve—Q+Scosp=0, (e)
Yme(F)=0: M,+F,-3—Q-2—(Ssing)-3+ (Scosp)-6 =0. (f)
Perrast cucremy ypaBaenuii (a) — (f), HaXoauM I1€CTh HCKOMBIX BEIMYHH:

f) = S=21393 kH, (e) = yc=42.97 kH,

(d)= =xc=175.27 kH, (a) = x4, = —168.34 kH,

(b) = y,=—46.97 kH, (c) = M, =—-880.21kH - m.

3HaK MHUHYC ITOKa3bIBAE€T, YTO ACHCTBUTEIIbHBIC HANPABJICHHUS COOTBETCTBYIOLIUX
peakiuii cBsi3elt 00paTHBI H300paKEHHBIM Ha prc. 31 HaNpaBIEHUSAM 3TUX PEaKIIUM.

3ameuanue. Bropoit cnoco0 pemenus 3agauu ciaeayroomuid. CHavana co-
CTaBIAIOTCSA TPHU YPAaBHEHUS PAaBHOBECHS JJISI BCEW KOHCTPYKLMH B LIEJIOM KakK JUIs
TBEPAOro Teja (MBICIIEHHO IOJIAraeM, YTO COEAUHUTENBbHBIA INApHUP 3aTBEPAECI).
3aTeM COCTaBIIAKOTCS YPAaBHEHUS PABHOBECHS JJISI OJHOTO U3 TBEPABIX TEJ, BXOMAS-
IIMX B KOHCTPYKIMIO.

[Tpumep 3.

OpHopoaHasi MpsIMOYrojibHas IJIACTHHA 3aKpeljieHa B TOPU30HTAIBHOM
wiockoctu (puc. 32) . Cuna tspkectu muactunsl P. Haittu peakuuu onop.

Zg
T8
L/ >
/ y
Xg




Pewenue.
Paccmorpum paBHoBecue mactuabl ABCJI. BBegeM npsiMOyrosibHYIO AeKap-
TOBY CUCTEMY KOOpANHAT AXYZ.

ITokaxxem Bce AeHCTBYIOIIME HA TUIACTUHY CWIbl: P — cuia TsbkecTH, KoTopas
NpUJIOKEHA B IIEHTPE IUIACTUHBL; X5, ¥a Za — PEAKIMH IMIAPHUPHO HETOJBIKHOM

OTOPBI; Xp, ¥ — PEAKIUH MWIMHAPHYECKOTO IIAPHUPA, 1 — peakiums Tpoca, KOTOo-
PYIO pa3nokuM Ha cocrapusromme 1, T,
CocraBiisieM ypaBHEHHUS paBHOBECHS IPOCTPAHCTBEHHON CUCTEMBI CHJI:

2F,=0: x4 +xpg—(Tcos30°)sin30° =0, (a)
2Fg =0 ya—(Tcos30°)cos30°=0, (b)
2F.,=0: z,+zp+Tsin30°-P =0, (©)
XM, (F)=0: zp-AB+ (Tsin30%)-AB—P-(AB/2)=0, (d)
IM,(F)=0: P-(AL/2)—(Tsin30°)-AL=0, (e)
SM,(F)=0: —xp-AB=0. (f)

Penrast cucremy ypaBuenuii (a) — (f) , Haxoaum peakuu orop:
= x=0 (e) = T=F (d) = zp=0;

P _3p. _¥
5 () = ya=7F (@) = x4 =7P.
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